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FORECASTS AND WARNINGS FOR FEBRUARY, 1916.

By Epwarn H. Bowig, District Forecaster.
[Dated: Weather Bureau, Washington, Mar. 20, 1916.]

There will be found in the MoNTHLY WEATHER REVIEW
for January, 1916, statements concerning the abnormal
cold in the Northwestern States, the northern Rocky
Mountain Region, and the Pacific States, and the com-
paratively mild weather that month in much of the
country east of the Mississippi River and in the West
Gulf States. In the Northwestern States the month of
January was one of the coldest on record, and at a num-
ber of points minimum temperatures as low as or lower
than ever before recorded occurred in that region. More-
over, the cold in that region continued during the first
decade of February, but soon thereafter the prolonged
cold weather in that region gave way to temperatures
above the seasonal average, and such temperatures con-
tinued generally west of the Mississippi River through
the remainder of the month, while east of the Mississippi
River February gave temperatures that averaged below
the normal, ithout attempting to offer an explanation
as to the ultimate cause of the unusual temperature con-
ditions referred to in the preceding paragraph, it is of
interest to note that during January the pressure averaged
extraordinarily high over Alaska and the Aleutian Islands
and the western Atlantic Ocean, and low over the middle
latitudes of the Pacific Ocean as shown by the daily re-
ports from Honolulu, Hawaii. It has been noted on in-
numerable occasions that when the barometer falls at
Honolulu the pressure rises over the north Pacific Ocean
and Alaska, and all pronounced cold waves of the United
States are commonly associated with this ‘*upset” pres-
sure distribution. ay it not be assumed that when
there is an excess of heat within the Tropies the pressure
falls, the air through a considerable distance expands and
rises, and the rising air flows away horizontally to the
north and south, and descends in higher latitudes and
Eroduces the abnormal pressure conditions referred to as

avin, Iil'eva.iled over Alaska and the Northwest during
the whole of January and the greater part of February.
It will be recalled that in MoNTHLY WEATHER REVIEW
Supplement No. 1 the statement was made that cold
weather in the interior of the United States is associated
with high barometer over Alaska and the Aleutian
Islands, and that warm weather in the winter months in
the Eastern and Southern States is to be expected when
the barometer stands high over the western Atlantic
Ocean as indicated by pressures recorded at Bermuda.
The recorded temperature conditions over the United
States during the month of January afford a striking con-
firmation of these statements. The graph, figure E.1.B. 1
(xL1v—21) illustrates the abnormalities by showing the
daily departures from the normal pressure at stations in
these regions during the two months in question, and
Table 1 herewith gives the monthly average pressures
and their departures from the normal for all Alaskan
stations, Honolulu, Hawaii, and Hamilton, Bermuda.
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SECTION III.—FORECASTS.

TABLE 1.—Mean pressures for January and February, 1916, compared
with the normals for those months.

— |
January. ' February.
Station. . b — | . b
ean, | Depar-|i ean, | Depar-
Normal. | “1g15," | “ture. {| Normal. | “916.” | “ture.

t
Inches. | Inches. | Inches. || Inches. |Inches. ! Inches.
Honolulu, Hawaii.............. 30.01 | 29.90 | —0.11 i 30,04 29.99 | —0.05
Nome, Alaska.................. 29,57 | 30.29 | + .42 | 20.80 | 30.08| + .28
Duteh Harbor, Al 2,63 | 30.18 ] + .53 [ 20,60 § 29,73 + .18
Tanana, Alaska. 20.94 | 30.42( + .48 29.85 ) 30.11| + .28
Valdez, Alaska.. 29.73] 30191 4+ .46  20.731 20.80| + .12
Ragle, Alaska. . 30.03 | 30.51 | + .48 [} 29.981 30.221 4+ .M
Sitka. Alaska........ ... 20,731 30.051 + .32, 29.821 20,01 | + .09
Hamilton, Bermucia. ... . v 30.13 | 3.3+ .21y 30.09. 30,141 + .05
Horta, AZOres.........comuea..n 30.14 | 30.26 [ + .12 l 30,10 l 30.39 | + .29

The data shown in the graph and the table also confirm
the statement that there is a direct relation between the
observed sea-level pressures over Alaska and the Aleutian
Islands and the subpermanent high-pressure area over
middle latitudes of t,ge Pacific Ocean as shown by the
Honolulu pressures. It will be noted that the pressure
at Honolulu was helow normal continuously during Jan-
uary and practically all of February, while Alaskan sta-
tions report the opposite departures during nearly all of
the two months. This is a similar relation to that which
exists between the area of low pressure that commonly
has its center near and to the west of Iceland and the
subpermanent area of high pressure that normally-has its
center near the Azores. The influence of the general dis-
tribution of pressure over the Pacific Ocean and Alaska
on determining the types of storms and the tracks fol-
lowed by them while crossing the United States, and also
the character of the highs and the latitudes in which they
cross the United States, was referred to in MonTHLY
Wearner Review Supplement No. 1. This statement
was to the effect that when the pressure is low over
Alaska storms of the United States move in high lati-
tudes and along the Canadian border, but that when the

ressure is high over Alaska storms usually strike the

acific coast south of the Canadian border and follow
tracks far south of what otherwise would be the case.
Likewise, areas of high pressure enter the United States
from Canada when the pressure is high over Alaska, but
from the Pacific Ocean when the pressure is low in that
region.

1n February, 1916, it will be noted that areas of low
pressure vI, vitL, IX, and x (Chart ITI) are of the Alberta
type and appeared when the pressure was low over
eastern Alaska, as shown by the graphs for Sitka and
Eagle (Chart xL1v—21). Other storms during the month
either came from the Pacific Ocean in the latitude of
Washington and British Columbia or else formed in low
latitudes of the United States. All moving high areas
during February entered the United States from Canada
or formed in the northern Rocky Mountain region, and
none entered the United States from the Pacific Ocean.

When there were indications on the 12th that the
prolonged period of abnormal cold in the Northwestern
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States was about to terninate the following sEecial fore-
cast was issued for distribution to States in that region:

Pressure distribution over Alaska is such as to indicate that the
prolonged period of cold weather over the Northwestern States will
give way to temperatures above the seasonal average within the next
two to three days and moderate temperatures thereafter during the
coming week.

WARNINGS IN THE WASHINGTON DISTRICT.

On the 2d storm warnings were ordered from Delaware
Breakwater to Boston, the warning reading as follows:

Hoist northeast storm warnings 2 p. m. Delaware Breakwater to
Boston. Increasing northeast and east winds with rain and probably
snow. Storm over South Carolina will probably move northeast and
increase in intensity.

On the morning of the 3d warnings were extended
northward to Eastport, Me. The storm under considera-
tion developed on the 2d in the region of counter-flowing
winds between two areas of high pressure of great magni-
tude that had their crests over the southern plains States
and in the vicinity of Bermuda. After forming over the
South Atlantic States it moved rapidly northeastward in
the trough that separated the two areas of high pressure
and on the morning of the 3d its center was over Cape
Cod and the evening of the same day its center was over
Nova Scotia. During its movement northeastward it
caused gales on the Middle Atlantic and New England
coasts and heavy sleet and snow on the 2d and 3d in the
Atlantic States from North Carolina to Maine. On the
morning of the 2d the following special forecast was
issued to stations in the Middle Atlantic and New England
States:

Probably heavy sleet and snow will fall during the next 24 hours
in the Middle Atlantic States, southern New England, and West
Virginia.

This forecast was wholly verified. At the same time
cold-wave warnings were issued for the South Atlantic
States, except southern Florida. By the morning of the
3d temperatures had fallen to below the freezing point
as far south as north-central Florida.

The next storm of importance in the Washington dis-
trict formed over the lower Lakes the night of the 6th,
and- the morning of the 7th, when its center was over
the St. Lawrence Valley: storm warnings were ordered
on the Atlantic coast from Delaware Breakwater north-
ward to Portland,Me. Duringthe afternoon and night of
the 7th the wind blew a gale in the region where warnings

_were displayed, the maximum velocities reported being
as follows: Delaware Breakwater, 64 miles, northwest;
Sandy Hook, 56 miles, west; New York, 60 miles, west:
Block Island, 60 miles, northwest; Nantucket, 40 miles.
northwest; Boston, 36 miles, west; and Portland, 32 miles.
west. On the morning of the same day cold-wave warn-
ings were ordered for the Middle Atlantic States and New
England, decidedly colder weather following by the
morning of the 8th.

From the 8th to 12th no storm of importance prevailed
east of the Mississippi River, but during the nigll)lt of the
12th a disturbance moved from the Mississippi Valley.
increased in intensity, and reached the Middle Atlantic
States on the morning of the 13th, and, as it gave unmis-
takable signs of increasing in intensity, warnings of north
to northwest gales were ordered at 10 a. m. for the A tlantic
coast from Boston to C'ape Hatteras, and later in the day
storm warnings were ordered south to Jacksonville.
Cold-wave warnings were issued the morning of the 13th
for the Atlantic States south of Maryland and the east
Gulf States. This storm moved off the coast the night
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of the 13th and northerly gales prevailed as forecast.
Decidedly colder weather overspresd the Eastern and
Southeastern States following the eastward movement
of this storm and on the 15th frosts and freezing tempera-~
tures occurred as far south as central Florida.
_ During the night of the 17th, there was a rapid increase
in intensity of a storm that was moving eastward from
the region of the Great Lakes. On the morning of the
18th, the center of this storm was over Lake Huron and
there were indications of a secondary disturbance over
the Middle Atlantic States. This type of a cyclonic sys-
tem has been found to be the precursor of a severe storm
on the Atlantic coast and consequently storm warnings
were ordered at 10 a. m. of the 18th for the Atlantic coast
from Cape Henry, Va., to Eastport, Me., the warning con-
veying information to the effect that the winds would
shift to northerly and westerly and reach gale force dur-
ing the night of the 18th. The center of the storm passed
eastward and at 8 a. m. of the 19th its center was near
Eastport, Me., where the barometer read 28.98 inches,
and gales were then blowing from the west and north-
west on the coast north of Hatteras. The following
maximum wind velocities occurred during the 24 hours
ended at 8 p. m. of the 19th: Providence, R. I., 59 miles
west; Nantucket, 46 miles west: Block Island, 72 miles
west; New York, 64 miles northwest; Sandy Hook, 64
miles west; Delaware Breakwater, 64 miles west; Norfolk,
52 miles northwest; and Cape Hatteras, 52 miles north-
west. Moreover, on the 18th cold-wave warnings were
ordered for the southern portion of the region of the
Great Lakes, the Ohio Vaﬁey and the Middle Atlantic
and New England States. By the morning of the 19th,
very much colder weather had overspread these regions.
_An area of low pressure that was over the lower Missis-
sippi Valley the 23d was central over South Carolina on
the 24th and. as it was of a type that usually moves
northeast and increases greatly in intensity, storm warn-
ings were ordered at 9:30 a. m. from Cape Hatteras to
Boston, and at 3 p. m. the region of display was extended
nerthward to Eastport, Me. This storm moved north-
east as forecast and the morning of the 25th its center
was off the Virginia Capes, and winds of gale force were
general north of Cape Hatteras. Moreover, the storm
winds prevailed off the Middle Atlantic and New England
coasts through the 25th, 26th, and 27th, on which days
storm warnings remained displayed on some portion of the
cnast north of Cape Hatteras.

DISTRICT WARNINGS DPURING FEBRUARY.

('hicago District.-—-The month was uneventful as a
rule, there being at no time either any sweeping cold
waves or heavy snows. The temperature averaged not
not far from the normal, being somewhat above in the
western and below in the eastern portion of the district.
The precipitation was much below the normal through-
out the entire district, the lows passing with their centers
well to the northward, and usually being dry. Cold-
wave warnings for restricted areas were issued on two
or three occasions, and these were verified almost without
exception. The central office on the morning of Feb-
ruary 12, sent a long-range forecast to this station indi-
cating a break in low-temperature conditions in the North-
west and a week of moderate temperature. The advice,
which was fully verified, was given wide distribution
throughout the northwestern portions of the Chicago
district. The forecaster at Chicago had previously pre-
dicted a moderation for the Northwest in his general
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forecast, and during the early days of the ensuing week
redicted a continuation of the miﬁ spell for a considera-
le period. The long-range forecast was of great service

to shippers of perishable goods, railroads, and other trans-

.portation companies, and newspapers commented on it
avorably.—H. J. Coz, Professor of Meteorology.

Denver District.—No cold waves occurred during the
month, and no warnings were issued except at the close of
the month. At8 p. m. on the 29th an anticyclonic area of
moderate intensity was spreading southward over Mon-
tana and cold-wave warnings were issued for eastern
Colorado, These warnings were verified by a 24-hour
fall in temperature in eastern Colorado of 20° to 30°, and
were followed within 36 hours by temperatures ranging
from 5°F. to 10°F.—Frederick W. Brist, Assistant Fore-
caster.

New Orleans District.—Cold-wave warnings were issued
on the morning of February 12 for Oklahoma and the
northwestern portion of east Texas, were extended in the
afternoon over the northeastern and southwestern por-
tions of east Texas and northwestern Louisiana, and
were extended at night to the Gulf coast. Subsequent
conditions justified the warnings. Storm warnings were
ordered for the Galveston section on the 12th and storm
winds occurred during the display. No general storm
occurred during the month. ith the exception of the
cold wave that passed over the district from the 11th to
13th moderate weather conditions prevailed during the
month.—71. M. Cline, District Forecaster.

Portland, Oreg., Districi—Owing to interruptions in the
telegraph and cable services during the month, the mak-
ing of forecasts was encumbered with difficulties. A sleet
storm on the 2d prostrated the wires for 20 miles or more
in all directions from Portland and the damage was
equally as severe in the neighborhood of Seattle and
Tacoma. It was a week or ten days after the storm be-
fore the telegraph and telephone companies were able to
resume business on a normal basis. Besides the inter-
ruption caused by the sleet storm, reports from Alaska
were missing for nearly the entire month due to cable
trouble, sa.ndg many reports from the stations in the Aleu-
tian Islands were not received during the first half of the
month, which was the time when they were most needed.
Storm warnings were issued on the 1st, 5th, 8th, 9th, 13th,
and 29th ; small-craft warnings on the 7th, 13th, 17th, and
28th. Only one general storm warning was issued, the
others being for small areas where the conditions were
apparently threatening, and most of these threatening
conditions did not develop verifying velocities. The gen-
eral storm warning was issued on the evening of the 8th
to coast stations, and extended the next morning to in-
land seaports. It was followed by maximum velocities
ranging from 36 to 60 miles an hour, and was especially
severe on Puget Sound. Live-stock warnings were issued
on the 3d, 4th, 5th, 28th, and 29th. Live-stock warnings
are a new feature, and those issued on the 3d, 4th, and
5th were to one locality upon special request:and in ad-
vance of the authorization for the service. They were
fully verified and favorably commented on by the re-
cipient. Live-stock warnings were again issued on the
28th to all but four distribution centers, and on the next
morning these four centers were notified of expected cold,
stormy weather. This warning was fully verified and «
newspaper clipping informs us that it was of ‘‘much
value” to stock raisers. Warnings were issued that the
hazard from avalanches would be greatly increased dur-
ing the period from the 8th to 10th. This class of warn-
ings is also a new departure, and pertained to the increase
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of the hazard from avalanches. These warnings were is-
sued on the 7th, 8th, and 9th, the first one being an ad-
vanced notice of the approach of warmer, windy weather
with rain, which is the kind of weather that always
causes numerous avalanches when the snow is heavy in
the mountains. THe subsequent avalanche warmn,
were for the purpose of calling attention to the fact that
the danger period had not yet passed. These warnin,
were fulTy justified, judging from newspaper items whic.
contained many notices of slides and avalanches during
the period covered by them.— E. 4. Beals, District Fore-
caster.

San Francisco District.—There were no storms of a dan-
gerous character nor were there any damaging frosts.—
. H. Willson, District Forecaster.
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RELATION BETWEEN RAINFALL AND SYNOPTIC WINDS.
. Hewn Crayton, In Charge of Forevasting.
[Argentine Meteorological Office,;Buenos Ayres. MS. recorded Feh. 24, 1916.]

Rainfall is one of the most important elements, vet it
occurs in such irregular, spotted areas as to defy even the
most skilled forecaster. For example, on the weather
map for May 22, 1913, shown in the accompanying figure
figure H. H. €. 1 (xL1v—22), there is an area of rain in the
Lake Region and New England, another in the lower Mis-
sissippi Valley, and a third on the Pacific coast.

In seeking more definitely the conditions which attend
rain, it is well to consider its physical causes. Rain is
caused by the chilling of moist air below the point of satu-
ration, so that a part of the moisture falls out. Experi-
ence indicates that the most potent if not the only cause
of this cooling is the expansion of ascending air as it’
comes under diminished pressure aloft. The ascent of
the air may be induced by: (1) Topography, as for ex-
ample where air is foreed over mountain ranges; (2) heat-
ing at the ground, which determines the gormation of
local ascending currents resulting in cumulus clouds and
loeal showers; (3) converging or opposing winds deter-.
niined by horizontal differences of temperature and pres-
sure.

The first of these is a climatic factor which a forecaster
necds to keep in mind, and the second is the cause of oc-
casional showers, specially in summer, but experience
shows that the t-hirg is the main cause of our ordinary
rainstorms, -

When winds are diverging a descent of air is indicated
and consequently fair weather, because descending winds
are dry. cbn the contrary, when winds are converging
ascending air is indicated and consequently expansion
and cooling, resulting in clouds and rain.

The factors determining the intensity of the rainfall
are, (1) the angle of convergence, (2) the speed of the
wind, (3) the moisture content of the air, and (4) the
topo a.ihy. _ Coeflicients would need to be determined
for all these in a proper formula.

The wind is usually indicated on the weather maps to
eight points of the compass, and this permits a scale of
four steps both for diverging and converging winds, thus
T ~@T-,31TN,4)7T | ,fordiverging, and asimi-
lar scale for converging winds. 1f on the weather map the
diverging winds are marked with red and the converging
winds with blue in accordance with the above scale, it
becomes apparent that the red marks are located, as a
rule, in regions of fair weather and the blue marks in



